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unit display an image including a plurality of ruled lines, to
detect coordinates designated by a user by an input operation
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display unit enlarge a part of the image including the ruled
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ment of intersections of the trajectory of the obtained
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IMAGE DISPLAY APPARATUS, IMAGE
ENLARGEMENT METHOD, AND IMAGE
ENLARGEMENT PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of Interna-
tional Application PCT/JP2012/067228 filed on Jul. 5, 2012
and designated the U.S., the entire contents of which are
incorporated herein by reference.

FIELD

The present invention relates to an image display appa-
ratus, an image enlargement method, and an image enlarge-
ment program.

BACKGROUND

Mobile terminals that can be carried around by users have
become popular. Since a mobile terminal has a small display
screen, when displaying an image content as a whole, there
are cases where information included in the image is dis-
played so small that it is hard to see. Therefore, the user
often desires to enlarge a part of the image to be displayed.
Also, when using a personal computer or the like, if the size
of an image content is great, a user may often desire to
enlarge a part of the image to be displayed.

Relating to this, an information input device has been
known with which a user can input information by a pen.
This information input device executes an enlargement
process of a display magnification factor which may be set
twice greater if a user draws a circle by the pen, or the
display magnification factor may be set three times greater
if a user draws a triangle by the pen.

RELATED-ART DOCUMENTS
Patent Documents

[Patent Document 1]

Japanese Laid-open Patent Publication No. 09-161088

However, when using the above information input device,
if a user desires to enlarge and see a specific part of an image
content, the user needs to do an operation while estimating
an appropriate magnification factor to obtain a seeable
image. Also, the user may need to do troublesome operations
such as scrolling the image so that the part which the user
wants to view fits into the display screen. Therefore, the user
cannot do an intuitive enlargement operation.

SUMMARY

According to at least one embodiment of the present
invention, an image display apparatus includes a display
unit; a storage unit; and a processor configured to make the
display unit display an image including a plurality of ruled
lines, to detect coordinates designated by a user by an input
operation on a display screen of the display unit, and to
obtain a trajectory of the detected coordinates, and to make
the display unit enlarge a part of the image including the
ruled lines by an enlargement rule selected based on an
arrangement of intersections of the trajectory of the obtained
coordinates and the ruled lines, and display the enlarged part
of the image.
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The object and advantages of the embodiment will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims. It is to be
understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory and are not restrictive of the invention as
claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a hardware configuration example of an image
display apparatus 1 according to an embodiment of the
present invention;

FIG. 2 is a functional configuration example of an image
display apparatus 1;

FIG. 3 is a diagram illustrating a state where an image
content is display as a whole;

FIG. 4 is a diagram illustrating a state where a region Al
in FIG. 3 is enlarged and displayed;

FIG. 5 is an external view of a display unit 30 of an image
display apparatus 1 having an image content C displayed as
a whole;

FIG. 6 is an example of a flowchart of an enlargement and
displaying process;

FIG. 7 is a diagram illustrating a state where the tilt of an
obliquely displayed image content is corrected by a tilt
correction process;

FIG. 8 is a diagram illustrating a part of ruled lines (a
ruled line A, a ruled line B, a ruled line C, and a ruled line
X) extracted from an image content;

FIG. 9 is an example of a list of ruled-lines 16A registered
in a memory unit 16 or the like;

FIG. 10 is a diagram illustrating a state where information
indicating outer frame lines is assigned to ruled lines in a list
of ruled-lines 16A;

FIG. 11 is a diagram illustrating an example of a list of
intersections between ruled-lines 16B generated by an
enlargement preprocess unit 42;

FIG. 12 is an example of input trajectory information 16C
obtained by a trajectory information obtainment unit 44;

FIG. 13 is an example of a list of intersections between a
trajectory and ruled-lines 16D generated by an intersection
list generation unit 46;

FIG. 14 is a diagram illustrating a relationship among an
initial point O, intersections T1, T2, T3, and T4 where a
trajectory of coordinates obtained by a pen-input crosses
ruled lines in order, vectors V1, V2, V3, and V4, a reference
direction 6,, and angles 6,, 6,, 05, and 6, formed by the
vectors relative to the reference direction 0,;

FIG. 15 is a diagram illustrating a state where all region
dividing coordinates are obtained;

FIG. 16 is a diagram illustrating a region to be enlarged
Ar that is enlarged and displayed when all region dividing
coordinates are obtained;

FIG. 17 is a diagram illustrating a state (A) where a user
draws a line outside of outer frame lines of ruled lines;

FIG. 18 is a diagram illustrating a region to be enlarged
Ar that is enlarged and displayed in a state (A) where a user
draws a line outside of outer frame lines of ruled lines;

FIG. 19 is a diagram illustrating a state (B) where a user
draws a line outside of outer frame lines of ruled lines;

FIG. 20 is a diagram illustrating a region to be enlarged
Ar that is enlarged and displayed in a state (B) where a user
draws a line outside of outer frame lines of ruled lines;

FIG. 21 is a diagram illustrating a state where, for each
intersection between an input trajectory and ruled lines,
intersections are extracted between adjacent ruled lines;
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FIG. 22 is a diagram illustrating a state where coordinates
included in a list of adjacent intersections 16E are classified,
and identification information is added to indicate whether
the coordinates are outside of the list of adjacent intersec-
tions 16E;

FIG. 23 is a diagram illustrating an example of a list of
adjacent intersections 16E for case (a) in pattern (2);

FIG. 24 is a diagram illustrating a state where a region to
be enlarged Ar is determined for case (a) in pattern (2);

FIG. 25 is a diagram illustrating an example of a list of
adjacent intersections 16E for case (b) in pattern (2);

FIG. 26 is a diagram illustrating a state where a region to
be enlarged Ar is determined for case (b) in pattern (2);

FIG. 27 is a diagram illustrating an example of a list of
adjacent intersections 16E for case (c) in pattern (2);

FIG. 28 is a diagram illustrating a state where a region to
be enlarged Ar is determined for case (c¢) in pattern (2);

FIG. 29 is a diagram illustrating an example of a list of
adjacent intersections 16E for case (d) in pattern (2);

FIG. 30 is a diagram illustrating a state where a region to
be enlarged Ar is determined for case (d) in pattern (2);

FIG. 31 is a diagram illustrating a relationship among
region dividing coordinates Xmin*, Xmax*, Ymin*, and
Ymax*, a region to be enlarged Ar, coordinates XTmin,
XTmax, YTmin, and YTmax on an outer frame of a display
screen D of a display unit 30; and

FIG. 32 is a diagram illustrating a state where a region to
be enlarged Ar is enlarged and displayed.

DESCRIPTION OF EMBODIMENTS

In the following, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

Embodiments

In the following, embodiments of an image display appa-
ratus, an image enlargement method, and an image enlarge-
ment program will be described with reference to the
drawings.

[Hardware Configuration]

FIG. 1 is a hardware configuration example of an image
display apparatus 1 according to an embodiment of the
present invention. The image display apparatus 1 includes,
for example, a CPU (Central Processing Unit) 10, a drive
unit 12, a memory unit 16, a storage unit 18, a communi-
cation interface 20, a display control unit 22, an input
interface 24, and a display unit 30. These elements are
connected with each other via a bus, a serial communication
channel, or the like. The image display apparatus 1 is, for
example, a tablet PC (personal computer) that can be carried
around by a user.

The CPU 10 is a processor that includes, for example, a
program counter, an instruction decoder, various arithmetic
units, an LSU (Load/Store Unit), general-purpose registers,
and the like. The drive unit 12 is a unit that can read a
program or data from a recording medium 14. When the
recording medium 14 storing a program is mounted on the
drive unit 12, the program is installed from the recording
medium 14 to the storage unit 18 via the drive unit 12. The
recording medium 14 is a portable recording medium, for
example, a CD (Compact Disc), a DVD (Digital Versatile
Disc) a USB (Universal Serial Bus) memory, or the like.
Installation of a program can be executed not only by the
recording medium 14 as above, but also by the communi-
cation interface 20 that downloads a program from another
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computer via a network and installs the program to the
storage unit 18. Also, a program may be stored beforehand
in the storage unit 18, a ROM, or the like at shipment of the
image display apparatus 1.

The memory unit 16 is, for example, a RAM (Random
Access Memory), and the storage unit 18 is, for example, an
HDD (Hard Disk Drive) or a SSD (Step Solid State Drive).
The communication interface 20 accesses a network such as
the Internet via wireless communication. The display control
unit 22 generates an image to be displayed by the display
unit 30. The input interface 24 executes a process to detect
a position, or coordinates, for example, of a pen-input on the
display screen of the display unit 30, and to write the
position in the memory unit 16.

The display unit 30 is, for example, an LCD (Liquid
Crystal Display). The display unit 30 includes functions to
display an image that is generated by the display control unit
22; and to detect coordinates designated by a user by
contacting the display screen with a pen. The display unit 30
uses, for example, an electromagnetic induction method to
detect coordinates designated by a user. The detection
method of the display unit 30 is not limited to an electro-
magnetic induction method, but may be a resistance film
method, an electrostatic method, a light reflection method,
or a light scanning method. If the display unit 30 adopts a
light reflection method, a pen that reflects light is used.

Note that the display unit 30 is not limited to that having
a function to detect coordinates designated by a pen, but may
be that having a function to detect coordinates designated by
a touch operation, for example, by a finger of a user.

[Functional Configuration]

FIG. 2 is a functional configuration example of the image
display apparatus 1. The image display apparatus 1 includes
a normal display control unit 40, an enlargement preprocess
unit 42, a trajectory information obtainment unit 44, an
intersection list generation unit 46, a trajectory pattern
determination unit 48, and an enlargement process unit 50,
which are functional units that function when the CPU 10
executes programs. Note that these functional blocks do not
necessarily need to be implemented as explicitly separated
programs, but they may be subroutines and/or functions
called by other programs. Also, a part of the functional
blocks may be implemented by hardware such as an IC
(Integrated Circuit), an FPGA (Field Programmable Gate
Array), or the like.

Also, the image display apparatus 1 generates a list of
ruled-lines 16A, a list of intersections between ruled-lines
16B, input trajectory information 16C, a list of intersections
between a trajectory and ruled-lines 16D, a list of adjacent
intersections 16E, and the like, in the memory unit 16 or the
like to use them in a process.

The normal display control unit 40 makes the display unit
30 display an image content stored in the storage unit 18 or
the like by a display magnification factor set by a user via the
display control unit 22 (omitted below). The display mag-
nification factor can be set to, for example, “entire display”
(automatically set the display magnification factor so that
the entire image content is displayed), 100%, 75%, the like.

Here, since a tablet-type PC has a small display screen for
the display unit 30, when displaying an image content by the
entire display, there are cases where information included in
the image is displayed so small that it is hard to see.
Therefore, a user often desires to enlarge a part of the image
to be displayed. FIG. 3 is a diagram illustrating a state where
an image content is displayed by the entire display. In FIG.
3, aregion Al enclosed by a dashed line designates a region
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which a user desires to enlarge and display. FIG. 4 is a
diagram illustrating a state where the region Al in FIG. 3 is
enlarged and displayed.

However, it is difficult for a user to determine a display
magnification factor to make the region A1 suitably fit on the
display screen of the display unit 30, either by determining
and inputting a numerical value of the display magnification
factor, or by a specific touch operation for enlargement as
done on a cellular phone in recent years. Even in the latter
case, the user may need to perform troublesome operations
such as alternately performing enlargement operations and
scroll operations.

On the other hand, using the image display apparatus 1 in
the present embodiment, appropriate enlargement and dis-
playing can be performed based on an intuitive operation by
a user by executing the following process,

[Process for Enlargement and Displaying]

FIG. 5 is an external view of the display unit 30 of the
image display apparatus 1 having an image content C
entirely displayed. In the state where the image content C is
entirely displayed as illustrated in FIG. 5, for example, an
enlargement command switch 32 is set on the display screen
of the display unit 30.

When the enlargement command switch 32 is touched by
a pen, the enlargement preprocess unit 42, the intersection
list generation unit 46, the trajectory pattern determination
unit 48, and the enlargement process unit 50 are activated to
execute the following process. Note that a starting trigger of
the following process is not limited to the enlargement
command switch 32. The image display apparatus 1, for
example, may receive an enlargement command from a user
by voice recognition.

FIG. 6 is an example of a flowchart of an enlargement and
displaying process. This flowchart starts when, for example,
the enlargement command switch 32 is touched by a pen or
the like.

First, the enlargement preprocess unit 42 executes a tilt
correction process (Step S100). Although the tilt correction
process may not be required for an image content of a file for
spreadsheet software or word processing software, it is
desirable to execute the tilt correction process for an image
content of PDF (Portable Document Format) based on scan
data or the like.

The enlargement preprocess unit 42 executes, for
example, a process to extract line-shaped elements from the
image content by extracting characteristic points having a
certain brightness difference or greater, or by executing a
Hough transform and the like, and then, applies a rotation
process to the image content so that slopes of the lines
becomes horizontal or vertical. FIG. 7 is a diagram illus-
trating a state where a tilt of an obliquely displayed image
content is corrected by the tilt correction process.

Next, the enlargement preprocess unit 42 extracts ruled
lines from the image content to generate a list of ruled-lines
16A, which is information about the ruled lines, and to
register the list in the memory unit 16 or the like (Step
S102). If the image content is a file for spreadsheet software
or word processing software, the list of ruled-lines 16A is
generated with reference to data accompanying the file.
Also, if the image content is a PDF file or the like, ruled lines
are extracted among the line-shaped elements extracted as
above, by extracting lines having the thickness within a
predetermined width, to generate the list of ruled-lines 16 A.

The list of ruled-lines 16A is data in which each of the
ruled lines is identified, for example, by a start point and an
end point. FIG. 8 is a diagram illustrating a part of ruled lines
(aruled line A, a ruled line B, a ruled line C, and a ruled line
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X) extracted from an image content. In FIG. 8 and after,
assume that the lower-left coordinates of a region enclosed
by ruled lines are (0, 0), and the upper-right coordinates are
(24, 15).

Also, FIG. 9 is an example of the list of ruled-lines 16 A
registered in the memory unit 16 or the like. Since the ruled
line A and the ruled line B are continuous by having a point
(0, 8) as the relay point, they look like a single ruled line as
illustrated in FIG. 8. However, they are treated as separate
ruled lines in the list of ruled-lines 16 A because the point (0,
8) is also a start point of the ruled line C, which is a cross
point.

Next, the enlargement preprocess unit 42 deletes tilted
ruled lines from the list of ruled-lines 16A (Step S104). At
Step S104, the enlargement preprocess unit 42 identifies a
tilted ruled line in the list of ruled-lines 16A that has
different X coordinates for the start point and the end point,
and different Y coordinates for the start point and the end
point. In the case illustrated in FIG. 8 and FIG. 9, the ruled
line X is identified as a tilted ruled line, and deleted.

Next, the enlargement preprocess unit 42 extracts ruled
lines that correspond to outer frame lines of the image
content, and assigns information indicating outer frame lines
to each of the extracted ruled lines (Step S106). At Step
S106, the enlargement preprocess unit 42 extracts the mini-
mum X coordinate, the minimum Y coordinate, the maxi-
mum X coordinate, and the maximum Y coordinate among
coordinates of start points and coordinates of end points.
Then, the enlargement preprocess unit 42 determines ruled
lines that constitute the outer frame lines if a ruled line has
the start point or the end point whose X coordinate or Y
coordinate is equivalent to one of the extracted the minimum
X coordinate, the minimum Y coordinate, the maximum X
coordinate, and the maximum Y coordinate. FIG. 10 is a
diagram illustrating a state where the information indicating
outer frame lines are assigned to ruled lines in the list of
ruled-lines 16A.

Next, the enlargement preprocess unit 42 generates a list
of intersections between ruled-lines 16B from the list of
ruled-lines 16A, to register it in the memory unit 16 or the
like (Step S108). The list of intersections between ruled-
lines 16B can be generated, for example, by excluding the
same coordinates from the coordinates of all start points and
end points included in the list of ruled-lines 16A. FIG. 11 is
a diagram illustrating an example of the list of intersections
between ruled-lines 16B generated by the enlargement pre-
process unit 42.

Having Steps S100 to S108 executed, the image display
apparatus 1 waits until a pen-input for an enlargement
command is performed by a user (Step S110). A pen-input
for an enlargement command is, for example, an operation
of tracing the display screen of the display unit 30 by a pen
for a certain length or greater. Assume that the user knows
in advance how to issue such an enlargement command by
reading a manual or the like.

When the user performs a pen-input for the enlargement
command, the trajectory information obtainment unit 44
obtains input trajectory information 16C which is informa-
tion about a trajectory of coordinates (referred to as an
“input trajectory”), and stores it in the memory unit 16 or the
like (Step S112). FIG. 12 is an example of the input
trajectory information 16C obtained by the trajectory infor-
mation obtainment unit 44. The input trajectory information
16C includes, for example, information about the initial
point and the terminal point of an input trajectory, and the
minimum X coordinate (Xmin), the maximum X coordinate
(Xmax), the minimum Y coordinate (Ymin), and the maxi-
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mum Y coordinate (Ymax) among the coordinates of the
input trajectory. The input trajectory information 16C also
includes information about the coordinates on the input
trajectory, for example, plotted for every predetermined
distance.

Next, the intersection list generation unit 46 extracts
intersections between the trajectory of the coordinates and
the ruled lines with reference to the list of ruled-lines 16A
and the input trajectory information 16C, to generate a list
of intersections between a trajectory and ruled-lines 16D to
register it in the memory unit 16 or the like (Step S114). FIG.
13 is an example of the list of intersections between a
trajectory and ruled-lines 16D generated by the intersection
list generation unit 46. As illustrated in FIG. 13, in addition
to intersections between the input trajectory and ruled lines,
the intersection list generation unit 46 stores the initial point
and the terminal point of the input trajectory in the list of
intersections between a trajectory and ruled-lines 16D. The
intersection list generation unit 46 also stores angles of
vectors (intersection point (i-1) to intersection point (i)
relative to a reference direction where the vectors are formed
by connecting the intersections by order of generation, in the
list of intersections between a trajectory and ruled-lines 16D.
FIG. 14 is a diagram illustrating a relationship among an
initial point O, intersections T1, T2, T3, and T4 where a
trajectory of coordinates obtained by a pen-input crosses
ruled lines in this order, vectors V1, V2, V3, and V4, a
reference direction 0, and angles 0,, 0,, 0, and 04 formed
by the vectors relative to the reference direction 6,. The
reference direction 0, is, for example, a direction of the
vector V1 from the initial point O to the intersection T1. The
angle formed by a vector Vk and the vector V1 is calculated,
for example, by dividing the inner product of Vk and V1 by
the product of the norms of Vk and V1, and obtaining arccos
of it.

Next, the trajectory pattern determination unit 48 classi-
fies the pattern of the trajectory of the coordinates into one
of three patterns by the following determination, to deter-
mine an enlargement rule used by the enlargement process
unit 50 for executing an enlargement process.

The trajectory pattern determination unit 48 first deter-
mines whether one or more intersections exist in the list of
intersections between a trajectory and ruled-lines 16D,
namely, determines whether intersections exist between the
input trajectory and the ruled lines (Step S116). If no
intersections exist between the input trajectory and the ruled
lines, the enlargement process unit 50 executes the enlarge-
ment process of pattern (1) (Step S120).

If an intersection exists between the input trajectory and
the ruled lines, the trajectory pattern determination unit 48
determines whether the maximum of the angles in the list of
intersections between a trajectory and ruled-lines 16D
exceeds a threshold (for example, about 120°) (Step S118).

If the maximum angle difference exceeds the threshold,
the enlargement process unit 50 executes the enlargement
process of pattern (2) (Step S122).

If the maximum angle difference does not exceed the
threshold, the enlargement process unit 50 executes the
enlargement process of pattern (3) (Step S124).

[Enlargement Processes of Patterns|

[Pattern (1)]

A phenomenon where no intersections exist between the
input trajectory and the ruled lines occurs when a user
performs a pen-input having an object to specify a part of the
region enclosed by the ruled lines of an image content, or
when the user draws a line outside of the outer frame lines
of the ruled lines.
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In the process of pattern (1), the enlargement process unit
50 first obtains region dividing coordinates Xmin*, Xmax*,
Ymin*, and Ymax* with reference to the input trajectory
information 16C and the list of intersections between a
trajectory and ruled-lines 16D. The region dividing coordi-
nates Xmin* is the x coordinate Xi of an intersection in the
list of intersections between a trajectory and ruled-lines 16D
with which Xmin (minimum in the input trajectory)-Xi takes
the minimum positive value. The region dividing coordi-
nates Xmax® is the x coordinate Xi of an intersection in the
list of intersections between a trajectory and ruled-lines 16D
with which Xi-Xmax (maximum in the input trajectory)
takes the minimum positive value. The region dividing
coordinates Ymin* is the y coordinate Yi of an intersection
in the list of intersections between a trajectory and ruled-
lines 16D with which Ymin (minimum in the input trajec-
tory)-Yi takes the minimum positive value. The region
dividing coordinates Ymax* is the y coordinate Yi of an
intersection in the list of intersections between a trajectory
and ruled-lines 16D with which Yi-Ymax (maximum in the
input trajectory) takes the minimum positive value.

When a user performs a pen-input having an object to
specify a part of the region enclosed by the ruled lines of an
image content, all of the region dividing coordinates Xmin*,
Xmax*, Ymin*, and Ymax* can be obtained. FIG. 15 is a
diagram illustrating a state where all region dividing coor-
dinates are obtained. In FIG. 15 and after, an input trajectory
is denoted by “1”, and intersections between ruled lines are
denoted by black triangular vertices. When all region divid-
ing coordinates Xmin*, Xmax*, Ymin*, and Ymax* are
obtained, the enlargement process unit 50 enlarges and
displays a rectangular region having a point (Xmin*,Ymin*)
and a point (Xmax*,Ymax*) as its vertices. FIG. 16 is a
diagram illustrating the region to be enlarged Ar that is
enlarged and displayed when all region dividing coordinates
are obtained. In a state illustrated in FIG. 16, the region
dividing coordinates of Xmin*=12, Xmax*=16, Ymin*=4,
and Ymax*=8 are obtained, and the vertices of the region to
be enlarged Ar are (12, 8), (16, 8), (12, 4), and (16, 4).

On the other hand, if not all region dividing coordinates
are obtained, it is estimated that the user draws a line outside
of the outer frame lines of the ruled lines.

FIG. 17 is a diagram illustrating a state (A) where a user
draws a line outside of the outer frame lines of the ruled
lines. In the state (A) illustrated in FIG. 17, one of the region
dividing coordinates Xmin* is not obtained, but Xmax*=0,
Ymin*=8, and Ymax*=15 are obtained. In the state (A)
where one of the region dividing coordinates is not obtained,
the enlargement process unit 50 slides vertices in the X
direction by one interval. Namely, the enlargement process
unit 50 sets the not-obtained region dividing coordinates
Xmin* to 0, which is the same as Xmax*, and sets Xmax*
to the x coordinate Xi of an intersection in the list of
intersections between a trajectory and ruled-lines 16D with
which Xi-Xmin* takes the minimum positive value. In this
way, for example, the region dividing coordinates Xmin*=0,
Xmax*=4, Ymin*=8, and Ymax*=15 are obtained. FIG. 18
is a diagram illustrating the region to be enlarged Ar that is
enlarged and displayed in the state (A) where the user draws
the line outside of the outer frame lines of the ruled lines. If
one of the other region dividing coordinates is not obtained,
the enlargement process unit 50 executes substantially the
same process.

FIG. 19 is a diagram illustrating a state (B) where the user
draws a line outside of the outer frame lines of the ruled
lines. In the state (B) illustrated in FIG. 17, the region
dividing coordinates Xmin* and Ymax* are not obtained,
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but Xmax*=20 and Ymin*=12 are obtained. In the state (B)
where one of the x coordinates and one of the y coordinates
among the region dividing coordinates are not obtained, the
enlargement process unit 50 replaces the region dividing
coordinates at a terminal part (points on the outer frame
lines) of the region enclosed by the ruled lines. Namely, the
enlargement process unit 50 substitutes the minimum x
coordinate value in the list of intersections between a
trajectory and ruled-lines 16D for the not-obtained region
dividing coordinate Xmin*, and substitutes the maximum y
coordinate value in the list of intersections between a
trajectory and ruled-lines 16D for the not-obtained region
dividing coordinate Ymax*. Also, if the region dividing
coordinate Xmax* is not obtained, the enlargement process
unit 50 substitutes the maximum x coordinate value in the
list of intersections between a trajectory and ruled-lines 16D
for Xmax*, and if the region dividing coordinate Ymax* is
not obtained, substitutes the maximum y coordinate value in
the list of intersections between a trajectory and ruled-lines
16D for Ymax*. In this way, for example, the region
dividing coordinates Xmin*=0, Xmax*=20, Ymin*=12, and
Ymax*=15 are obtained. FIG. 20 is a diagram illustrating
the region to be enlarged Ar that is enlarged and displayed
in the state (B) where the user draws the line outside of the
outer frame lines of the ruled lines.

Note that the enlargement process unit 50 executes an
error handling process if both region dividing coordinates
Xmin* and Xmax* are not obtained; if both region dividing
coordinates Yin* and Ymax* are not obtained; if no region
dividing coordinates are obtained. In this case, a message
may be displayed that states “Enlargement and displaying
failed. Perform a pen-input again.” or the like.

[Pattern (2)]

When the maximum of the angles 8, 8,, and so on in the
list of intersections between a trajectory and ruled-lines 16D
exceeds the threshold, it can be estimated that the user
performs a pen-input intending to enclose a region.

In the process of pattern (2), the enlargement process unit
50 first extracts adjacent intersections between ruled lines
for each of the intersections between the input trajectory and
the ruled lines, to generate the list of adjacent intersections
16FE, and to register it in the memory unit 16 or the like. FIG.
21 is a diagram illustrating a state where, for each of the
intersections between the input trajectory and the ruled lines,
adjacent intersections between ruled lines are extracted. In
FIG. 21, circles denote intersections between the input
trajectory and the ruled lines, and black triangles denote
extracted intersections between the ruled lines. The list of
adjacent intersections 16E is extracted by searching for
coordinates of the start points and end points in the list of
ruled-lines 16A using “crossed ruled lines” obtained from
the list of intersections between a trajectory and ruled-lines
16D, and by excluding duplicated points.

The enlargement process unit 50 obtains the minimum x
coordinate Xmin**, the maximum x coordinate Xmax**,
the minimum y coordinate Ymin**, and the maximum y
coordinate Ymax** from the list of intersections between a
trajectory and ruled-lines 16D.

Further, the enlargement process unit 50 classifies the
coordinates included in the list of adjacent intersections 16E
by determining whether they are inside or outside of a
determination region having vertices of (Xmin**,Ymin**)
and (Xmax** Ymax**). Note that the enlargement process
unit 50 classifies coordinates on a boundary line of the
determination region as being inside.

FIG. 22 is a diagram illustrating a state where coordinates
included in the list of adjacent intersections 16E are classi-
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fied, and identification information is added to indicate
whether the coordinates are outside of the list of adjacent
intersections 16E. In FIGS. 22, 24, 26, 28, and 30, the
determination region is denoted by A2, and adjacent inter-
sections classified as being outside of the determination
region are designated by double-line triangles.

Then, based on the number and arrangement of intersec-
tions inside of the most outer rectangular region, the enlarge-
ment process unit 50 obtains the region dividing coordinates
Xmin*, Xmax*, Ymin*, and Ymax* based to determine the
region Ar to be enlarged and displayed.

(a) If only one adjacent intersection is classified as being
inside, the enlargement process unit 50 sets the minimum
and maximum coordinates in the list of adjacent intersec-
tions 16E to the region dividing coordinates Xmin*, Xmax*,
Ymin*, and Ymax* to determine the region to be enlarged
Ar (without taking the classification into account). FIG. 23
is a diagram illustrating an example of a list of adjacent
intersections 16E for case (a) in pattern (2). Also, FIG. 24 is
a diagram illustrating a state where the region to be enlarged
Ar is determined for case (a) in pattern (2).

(b) If the x coordinates of the adjacent intersections
classified as being inside are all the same, the enlargement
process unit 50 selects the region dividing coordinates
Xmin* and Xmax* among the adjacent intersections clas-
sified as being inside, and selects the region dividing coor-
dinates Ymin* and Ymax* among the adjacent intersections
classified as being outside. Namely, the enlargement process
unit 50 sets the minimum and maximum x coordinates of the
adjacent intersections classified as being inside to the region
dividing coordinates Xmin* and Xmax*, and sets the mini-
mum and maximum y coordinates of the adjacent intersec-
tions classified as being outside to the region dividing
coordinates Ymin* and Ymax*. FIG. 25 is a diagram illus-
trating an example of the list of adjacent intersections 16E
for case (b) in pattern (2). Also, FIG. 26 is a diagram
illustrating a state where the region to be enlarged Ar is
determined for case (b) in pattern (2).

(c) If the y coordinates of the adjacent intersections
classified as being inside are all the same, the enlargement
process unit 50 selects the region dividing coordinates
Ymin* and Ymax* among the adjacent intersections being
inside, and selects the region dividing coordinates Xmin*
and Xmax* among the adjacent intersections being outside.
Namely, the enlargement process unit 50 sets the minimum
and maximum y coordinates of the adjacent intersections
classified as being inside to the region dividing coordinates
Ymin* and Ymax*, and sets the minimum and maximum x
coordinates of the adjacent intersections classified as being
outside to the region dividing coordinates Xmin* and
Xmax*. FIG. 27 is a diagram illustrating an example of the
list of adjacent intersections 16E for case (c) in pattern (2).
Also, FIG. 28 is a diagram illustrating a state where the
region to be enlarged Ar is determined for case (c) in pattern
2.

(d) If multiple adjacent intersections are classified as
being inside, and the x coordinates and the y coordinates are
not aligned, the enlargement process unit 50 selects the
region dividing coordinates Xmin*, Xmax*, Ymin*, and
Ymax* among the intersections being inside. Namely, the
enlargement process unit 50 sets the minimum and maxi-
mum X coordinates and y coordinates of the adjacent inter-
sections classified as being inside to the region dividing
coordinates Xmin*, Xmax*, Ymin*, and Ymax*. FIG. 29 is
a diagram illustrating an example of a list of adjacent
intersections 16E for case (d) in pattern (2). Also, FIG. 30 is
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a diagram illustrating a state where the region to be enlarged
Ar is determined for case (d) in pattern (2).

Note that the enlargement process unit 50 executes an
error handling process if no adjacent intersections exist that
are classified as being inside. In this case, a message may be
displayed that states “Enlargement and displaying failed.
Perform a pen-input again.” or the like.

[Pattern (3)]

When the maximum of the angles 0, 0,, and so on in the
list of intersections between a trajectory and ruled-lines 16D
does not exceed the threshold, it can be estimated that the
user performs a pen-input intending to trace a region.

In the process of pattern (3), similarly to pattern (2), the
enlargement process unit 50 extracts adjacent intersections
between ruled lines for each of the intersections between the
input trajectory and the ruled lines, to generate the list of
adjacent intersections 16E, and to register it in the memory
unit 16 or the like.

Then, the enlargement process unit 50 sets the minimum
and maximum coordinates in the list of adjacent intersec-
tions 16E to the region dividing coordinates Xmin*, Xmax*,
Ymin*, and Ymax* to determine the region Ar to be
enlarged. FIG. 31 is a diagram illustrating a state where the
region to be enlarged Ar is determined in a case of pattern
3.

[Process after Region Determination]

Having determined the region to be enlarged Ar, the
enlargement process unit 50 determines the display magni-
fication factor from the region to be enlarged Ar and the size
of'the display screen D of the display unit 30, and makes the
display unit 30 display a part of the image content having the
region to be enlarged Ar at the center with an appropriate
size.

FIG. 31 is a diagram illustrating a relationship among the
region dividing coordinates Xmin*, Xmax*, Ymin*, and
Ymax*, the region to be enlarged Ar, the coordinates
XTmin, XTmax, YTmin, and YTmax in the outer frame of
the display screen D of the display unit 30.

If Inequality (1) is satisfied, namely, if the display screen
D of the display unit 30 is vertically longer than the region
to be enlarged Ar, the enlargement process unit 50 deter-
mines the display magnification factor based on Formula

Q).

(YTmax-YTmin)/(X7max-X7min)=(¥Ymax*-¥Ymin*)/
(Xmax*-Xmin*) (€8]

(display magnification factor)=(X7max—X7min)/
(Xmax*-Xmin*)

@

On the other hand, if Formula (3) is satisfied, namely, if
the display screen D of the display unit 30 is horizontally
longer than the region to be enlarged Ar, the enlargement
process unit 50 determines the display magnification factor
based on Formula (4).

(YTmax-YTmin)/(X7max-X7min)<(¥max*-Ymin*)/
(Xmax*-Xmin*) 3)

(display magnification factor)=(¥7max-¥7min)/
(¥max*-Ymin*)

Q)

The enlargement process unit 50 sets the coordinates
(Xmin*,Ymax*) of the region to be enlarged Ar to the upper
left of the display screen of the display unit 30, and makes
the display unit 30 display a part of the image content having
the region to be enlarged Ar at the center by using the display
magnification factor determined by Formula (2) or (4). FIG.
32 is a diagram illustrating a state where the region to be
enlarged Ar is enlarged and displayed. As illustrated in FIG.

10

15

20

25

30

35

40

45

50

55

60

65

12

32, the region to be enlarged Ar is displayed maximally
enlarged by the display magnification factor while main-
taining the aspect ratio.

SUMMARY

The image display apparatus 1 described above can
enlarge and display a part of an image that a user wants to
see based on an intuitive operation by the user because a
pattern, or an enlargement rule, is used for enlargement and
displaying that is selected based on the arrangement and
existence of intersections between an input trajectory and
ruled lines.

Also, the image display apparatus 1 can enlarge and
display a part of an image that a user wants to see even
appropriately because a region to be enlarged Ar is deter-
mined based on a positional relationship between intersec-
tions of an input trajectory and ruled lines, and intersections
of ruled lines (namely, with ruled lines).

Note that the display unit 30 is an example of a display
unit, the normal display control unit 40 and display control
unit 22 are an example of an image display unit, the input
interface 24 and the trajectory information obtainment unit
44 are an example of an obtainment unit, and the trajectory
pattern determination unit 48 and the enlargement process
unit 50 are an example of an enlargement unit.

As above, embodiments of an image display apparatus
and the like have been described. Further, the present
invention is not limited to the specific embodiments
described herein, but variations and modifications may be
made without departing from the spirit and scope of the
present invention.

For example, an operation to input coordinates to indicate
a region where a user wants to see is not limited to a
pen-input or a touch operation, but a mouse, a touch pad or
the like may be used. Also, an image display apparatus is not
limited to a tablet-type PC, but may be a note-type or
desktop-type PC, a multifunctional cellular phone, or the
like.

Also, in the above pattern (2), an enlargement process
mode may be selected by a user, with which a process
equivalent to that in pattern (3) is executed.

INDUSTRIAL USABILITY

The present invention can be used in the computer indus-
try, the computer software industry, and the electronic
device industry, and the like.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present invention have been described
in detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What is claimed is:

1. An image display apparatus comprising:

a display unit;

a storage unit; and

a processor configured to execute a process comprising:

making the display unit display an image including a

plurality of ruled lines;
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detecting coordinates designated by a user by an input
operation on a display screen of the display unit, and to
obtain a trajectory of the detected coordinates; and

making the display unit enlarge a part of the image
including the ruled lines by an enlargement rule
selected based on an arrangement of intersections of the
trajectory of the obtained coordinates and the ruled
lines, and display the enlarged part of the image.

2. The image display apparatus as claimed in claim 1,
wherein the processor is configured to execute the process
further comprising:

determining a region in the image to be enlarged and

displayed by the display unit, based on a positional
relationship between the intersections of the trajectory
of the obtained coordinates and the ruled lines, and the
ruled lines.

3. The image display apparatus as claimed in claim 1,
wherein the processor is configured to execute the process
further comprising:

when the intersections of the trajectory of the obtained

coordinates and the ruled lines do not exist, and coor-
dinates on the trajectory of the obtained coordinates are
contained in a region divided by the ruled lines, making
the display unit enlarge and display a region including
all of the coordinates on the trajectory, the region being
minimum among rectangular regions having the ruled
lines as at least a part of four sides.

4. The image display apparatus as claimed in claim 1,
wherein the processor is configured to execute the process
further comprising:

when a maximum angle formed by vectors generated by

separating the trajectory of the obtained coordinates at
the intersections with the ruled lines, is greater than a
predetermined angle, making the display unit enlarge
and display a region having vertices inside of the
intersections having a minimum or maximum coordi-
nate among the intersections of the trajectory of the
obtained coordinates and the ruled lines, the region
being selected among rectangular regions having the
ruled lines as at least a part of four sides.

5. The image display apparatus as claimed in claim 1,
wherein the processor is configured to execute the process
further comprising:

when a maximum angle formed by vectors generated by

separating the trajectory of the obtained coordinates at
the intersections with the ruled lines, is less than or
equal to a predetermined angle, making the display unit
enlarge and display a region where all intersections
between the trajectory of the obtained coordinates and
the ruled lines exist are included in the region or exist
on a boundary line of the region, the region being
selected among rectangular regions having the ruled
lines as at least a part of four sides.

6. An image enlargement method executed by an image
display apparatus, the method comprising:

making a display unit display an image including a

plurality of ruled lines;

obtaining a trajectory of coordinates designated by a user

by an input operation on a display screen of the display
unit; and

making the display unit enlarge a part of the image

including the ruled lines by an enlargement rule
selected based on an arrangement of intersections of the
trajectory of the obtained coordinates and the ruled
lines, and display the enlarged part of the image.

7. The image enlargement method as claimed in claim 6,
wherein having the image display apparatus determine a
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region in the image to be enlarged and displayed by the
display unit, based on a positional relationship between the
intersections of the trajectory of the obtained coordinates
and the ruled lines, and the ruled lines.

8. The image enlargement method as claimed in claim 6,
wherein when the intersections of the trajectory of the
obtained coordinates and the ruled lines do not exist, and
coordinates on the trajectory of the obtained coordinates are
contained in a region divided by the ruled lines, making the
display unit enlarge and display a region including all of the
coordinates on the trajectory, the region being minimum
among rectangular regions having the ruled lines as at least
a part of four sides.

9. The image enlargement method as claimed in claim 6,
wherein when a maximum angle formed by vectors gener-
ated by separating the trajectory of the obtained coordinates
at the intersections with the ruled lines, is greater than a
predetermined angle, making the display unit enlarge and
display a region having vertices inside of the intersections
having a minimum or maximum coordinate among the
intersections of the trajectory of the obtained coordinates
and the ruled lines, the region being selected among rect-
angular regions having the ruled lines as at least a part of
four sides.

10. The image enlargement method as claimed in claim 6,
wherein when a maximum angle formed by vectors gener-
ated by separating the trajectory of the obtained coordinates
at the intersections with the ruled lines, is less than or equal
to a predetermined angle, making the display unit enlarge
and display a region where all intersections between the
trajectory of the obtained coordinates and the ruled lines
exist are included in the region or exist on a boundary line
of the region, the region being selected among rectangular
regions having the ruled lines as at least a part of four sides.

11. A non-transitory computer-readable recording
medium having a program stored therein for causing an
image display apparatus to execute a process, the process
comprising:

making a display unit display an image including a

plurality of ruled lines;

obtaining a trajectory of coordinates designated by a user

by an input operation on a display screen of the display
unit; and

making the display unit enlarge a part of the image

including the ruled lines by an enlargement rule
selected based on an arrangement of intersections of the
trajectory of the obtained coordinates and the ruled
lines, and display the enlarged part of the image.

12. The non-transitory computer-readable recording
medium as claimed in claim 11, wherein having the image
display apparatus determine a region in the image to be
enlarged and displayed by the display unit, based on a
positional relationship between the intersections of the tra-
jectory of the obtained coordinates and the ruled lines, and
the ruled lines.

13. The non-transitory computer-readable recording
medium as claimed in claim 11, wherein when the intersec-
tions of the trajectory of the obtained coordinates and the
ruled lines do not exist, and coordinates on the trajectory of
the obtained coordinates are contained in a region divided by
the ruled lines, making the display unit enlarge and display
a region including all of the coordinates on the trajectory, the
region being minimum among rectangular regions having
the ruled lines as at least a part of four sides.

14. The non-transitory computer-readable recording
medium as claimed in claim 11, wherein when a maximum
angle formed by vectors generated by separating the trajec-
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tory of the obtained coordinates at the intersections with the
ruled lines, is greater than a predetermined angle, making
the display unit enlarge and display a region having vertices
inside of the intersections having a minimum or maximum
coordinate among the intersections of the trajectory of the
obtained coordinates and the ruled lines, the region being
selected among rectangular regions having the ruled lines as
at least a part of four sides.

15. The non-transitory computer-readable recording
medium as claimed in claim 11, wherein when a maximum
angle formed by vectors generated by separating the trajec-
tory of the obtained coordinates at the intersections with the
ruled lines, is less than or equal to a predetermined angle,
making the display unit enlarge and display a region where
all intersections between the trajectory of the obtained
coordinates and the ruled lines exist are included in the
region or exist on a boundary line of the region, the region
being selected among rectangular regions having the ruled
lines as at least a part of four sides.
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